Objectives: This study aimed to assess the independent associations of serum levels of vitamin B12 and plasma concentrations of homocysteine with gait speed decline. Design, Setting, Participants: This study utilized longitudinal analysis of participants 50 years or older from The Baltimore Longitudinal Study of Aging, N=774. Measurements: Gait speed (m/s) was assessed using the 6-meter usual pace test. Vitamin B12 and homocysteine concentrations were collected using standard clinical protocols. Linear mixed effects regression was stratified by baseline age category (50-69, 70-79, and ≥80 years old). Results: Mean follow-up time for the total study sample was 5.4 ± 2.0 years. No association between vitamin B12 and gait speed decline over the follow-up time for any age group was found. Elevated homocysteine concentrations were associated with decline in gait speed after adjustment for covariates (50-69: β= -0.005, p=.057; 70-79: β= -0.013, p<.001, ≥80: β= -0.007, p=.054). Conclusion: Homocysteine and vitamin B12 are inversely related, yet only homocysteine was associated with gait speed decline in this population of healthy older adults. Given these results, future research should be directed towards investigating the relationship in populations with greater variation in vitamin B12 concentrations and other mechanisms influencing homocysteine concentrations.
Introduction
In older adults, gait speed assessed at a single time point is a powerful predictor of many adverse health outcomes, including: disability, falls, hospitalization, cognitive impairment (1), mobility limitations (2) , and mortality (3) . Gait speed in old age likely reflects some level of decline or loss in gait speed that occurs insidiously as part of the normal aging process and in response to compounding pathologies. Gait speed decline may emerge as early as age 60 (4), thus identifying factors possibly slowing the rate of gait speed decline in older adults could potentially delay onset of many geriatric conditions.
The commonality of diet and nutritional factors suggest a potentially useful area of investigation. Micronutrient deficiencies are highly prevalent in older adults and may increase the risk of certain diseases and conditions like frailty, through inflammation, altered muscle and bone metabolism, and oxidative stress. Vitamin B12 deficiency in adults aged 65 years or older ranges from 12% to 40% (5, 6) . Elevated concentrations of plasma homocysteine, which is metabolized into methionine and cysteine via vitamin B12, have been consistently associated with slow gait speed and reduced physical function, Figure 1 (7) (8) (9) (10) . As illustrated in Figure 1 , elevated levels of homocysteine can result from vitamin B12 deficiency (11) , which in turn is a risk factor for peripheral neuropathy (12) (13) (14) , through its association with nerve demyelination in the central and peripheral nervous systems (15) . Peripheral neuropathy itself has been shown to be associated with gait speed decline in older adults, independent of other disease conditions including Type 2 Diabetes (16) .
The specific relationship between vitamin B12 and gait speed has yet to be investigated. Cross-sectional studies assessing vitamin B12 serum levels and measures of physical function have conflicting results. In an analysis of adults aged 55 years and older in Singapore, vitamin B12 concentration examined as a continuous variable was not associated with changed in the Performance Oriented Mobility Assessment score of gait performance (9) ; whereas, vitamin B12 deficiency (defined as serum B12 <200 pmol/L and serum homocysteine >20 μmol/L) was associated with peripheral neuropathy and disability in a representative population of U.S. adults aged 60 years and older (12) . Likewise, van Schoor et al., found women in the lowest quartile of serum vitamin B12 concentration were more likely to score lower on a walking test than women in the highest quartile, but this association was only in the crosssectional analysis, not longitudinal analysis (17) . Previous research has mainly been cross-sectional studies, further research is needed to determine if low and deficient vitamin B12 is a risk factor for age related gait speed decline in a longitudinal context. This study aims to assess the independent associations of serum levels of vitamin B12 and plasma concentrations of homocysteine with gait speed decline in older adults participating in The Baltimore Longitudinal Study of Aging. Vitamin B12 and homocysteine could both be important independent modifiable risk factors for physical function 1, 4 decline opening opportunities for novel treatment and prevention approaches for mobility impairment and disability in the elderly.
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Methods
The National Institute on Aging Intramural Research Program conducts the Baltimore Longitudinal Study of Aging (BLSA), which was initiated in 1958 (18) . The BLSA is an open-enrollment cohort of community-dwelling adults, at least 20 years old. Participants are free of disease, cognitive and functional impairments, non-morbidly obese (body mass index; BMI <40 kg/m 2 ), and have no reported difficulties in selfcare or instrumental activities of daily living at the time of enrollment. BLSA follow-up schedules vary by participant age; those 20-59 years old are seen every 4 years, 60-79 years old are seen every 2 years, and 80 years or older are seen annually. More than 3,000 men and women have been enrolled since onset of the study.
This analysis includes BLSA participants aged 50 years and older, who have at least two observations with complete measures of gait speed, plasma homocysteine, and serum vitamin B12 between December 2004 and March 2015. Any participant who reached the age of 50 on or after December 1, 2004 with at least two complete observations was included (N=774). The final sample was reached after exclusion of a single complete observation without follow-up observations (n=162) and participants with multiple observations but only one complete observation (n=87). One participant with severe hyperhomocysteinemia (>100 µmol/L) was excluded. Participants with a single observation were unable to complete a subsequent follow-up observation due to death during the study period (n=6), their next follow-up visit was scheduled for after the end of the study observation period (n=14), or they were overdue for their next visit (n=142). Among excluded participants with multiple observations 40% were missing follow-up data on gait speed, 27% were missing data on homocysteine and vitamin B12, 25% were missing data on gait speed and vitamin B12, and 8% were missing data on all three measures.
This study was approved by the University of Texas Houston Health Science Center Committee for Protection of Human Subjects and the National Institute of Environmental Health Sciences Institutional Review Boards (IRB). All participants signed BLSA IRB approved informed consent forms at enrollment and follow-up visits.
Measurements
Gait speed was measured in meters per second (m/s). Participants completed a 6-meter normal pace walk test. To begin, participants stood with their toes touching the starting line and were timed from the first footfall to the first footfall across or touching the finish line. The use of a walking aid was allowed. Two trials were completed and the fastest trial was used in analyses. Gait slowness was defined using the Foundation for the National Institutes of Health Sarcopenia Project (FNIH) criteria of ≤0.8m/s.
Fasting serum and plasma samples were collected according to standard protocols at each BLSA visit. Vitamin B12 levels were measured using competitive protein-binding assays (Modular Analytics E170, Roche Diagnostics) (19) . Total plasma homocysteine was determined using a fully automated fluorescence polarization immunoassay (Abbott Diagnostics, Abbott Park, IL, USA) (20) . High homocysteine was defined as >13 µmol/L (21). Low vitamin B12 was defined as <200 pg/ml and vitamin B12 deficiency was defined as serum vitamin B12 <270 pg/ml & total homocysteine >20 µmol/l (22) .
Data on demographics, health behaviors, and medical conditions were collected through an interviewer-administered questionnaire at each data collection time point. Variables included age, sex, marital status, education, household income, race, alcohol intake, smoking status (current vs former/never), meeting physical activity guidelines (≥1000 kcal/wk) in the past 12 months (23, 24) , and self-reported physician diagnosed chronic diseases (cardiovascular disease, stroke, hypertension, osteo-arthritis, Parkinson's disease, any cancer, diabetes, and peripheral neuropathy). Height and weight measured by study staff were used to calculate BMI (kg/m 2 ) and standard cut points for overweight and obesity were used to categorize individuals (25) . A quantitative, self-administered food frequency questionnaire (FFQ), developed by Tufts University, was used to collect data on usual diet and supplement intake in the past 12 months (26, 27) . The FFQ recorded frequency and quantity of intake for 313 food and beverage items. Daily nutrient intake of individual foods and the total diet was quantified using the Minnesota Nutrient Data System at the Jean Mayer U.S. Department of Agriculture Human Nutrition Research Center on Aging in Boston (28) . Serum folate was measured using competitive protein-binding assays (19) .
Statistical Analyses
Baseline characteristics of the study sample are presented as means and percentages by baseline age category (50-69, 70-79, ≥80 years old) and differences were tested using Student's t and chi-squared tests, as appropriate. Linear mixed effects models were used to estimate the associations of vitamin B12 and homocysteine with gait speed while accounting for the lack of independence between repeated measures. Additionally, linear mixed effects models easily accommodate the BLSA unbalanced and unequally spaced observation intervals. Models were stratified by baseline age category given gait speed declines at different rates by age groups. Random effects for the intercept and slope (follow-up time in years) were utilized to account for the excess variation implicit in the study design.
Model building followed a stepwise approach. Vitamin B12, homocysteine, and all other covariates, excluding education and race, were time-dependent. In univariate analyses, each covariate was modelled with the follow-up time variable and included in the full model if p<0.20. The full models included fixed effects, interaction terms (p<0.05), and random effects. Random effects were first assessed for removal from the full model using restricted maximum likelihood and tested using a likelihood ratio test (p<0.05). Likelihood ratio tests and maximum likelihood estimator were used to test fixed effects and interaction terms, further reducing the model. The final models include statistically and clinically significant covariates. Linear regression assumptions were checked and adjustments to the functional form of covariates were done as necessary. All statistical analyses were performed using Stata v.12 (StataCorp, College Station, TX) and alpha was set at 0.05.
Results
A comparison of excluded and included participants by baseline age category showed excluded participants in the 50-69 year-old age group had a lower mean age (p<0.001). Among participants aged 70-79 years old, excluded participants had a higher BMI (p=0.007), slower gait speed (p=0.046), and had a higher prevalence of clinically significant slowness (p=0.027) than included participants. Among those Missing: Household Income (n=12), Current Smoking (n=4); *Slowness: Gait Speed ≤0.8 m/s; **Low Vitamin B12: Vitamin B12 <200 pg/ml; ***High Homocysteine: Homocysteine >13 µmol/L; ****Adequate Physical Activity defined as meeting recommended physical activity guidelines, ≥1000 kcal/wk ≥80 years old, excluded participants were older (p=0.006), had a slower gait speed (p<0.001), a higher prevalence of clinically significant slowness (p<0.001), and a higher mean homocysteine (p=0.017). There was no difference in mean vitamin B12 concentrations between included and excluded participants, regardless of baseline age category. Baseline characteristics of the study sample by age group are presented in Table 1 . Mean follow-up time for the total study sample was 5.4 ± 2.0 years (range: 0.9 to 9.1 years). Participants, 80 years and older, had shorter mean follow-up time (4.6 ± 2.3 years) than participants younger than 80 years, (5.6 ± 1.9 years). Mean gait speed was above the threshold for clinically significant slowness (≤0.8 m/s) for all age groups, however, as age increased mean gait speed was slower and prevalence of clinically significant slowness higher. Mean vitamin B12 levels for all age groups, were above cut points for low vitamin B12 (29) . Homocysteine concentrations ranged from 5.2 to 39.4 µmol/L. The majority of all participants at baseline were white, financially secure, non-smokers, moderate drinkers (less than 8 drinks per week), and had a BMI <30.0 kg/m 2 . Over 60% of participants <80 years old engaged in sufficient physical activity to meet physical activity guidelines (23, 24) . Gait speed m/sec
Figure 3
Fitted gait speed by (a) vitamin B12 and (b) homocysteine concentrations by baseline age category, adjusted for followup time, sex, race, BMI categories, physical activity, reported chronic disease, and alcohol intake Gait speed decline by age group is illustrated in Figure 2 . Participants aged 50-69 years exhibited little decline and those aged 70-79 showed gradual, yet small, decline. The oldest age group had the most and steepest decline in gait speed over the follow-up time compared to the other age groups. In Figure 3 , predicted gait speed for each age category by concentrations of vitamin B12 and homocysteine are presented. Some decline in gait speed was observed with increasing vitamin B12 for all age categories with declines in gait speed among participants aged 50-69 and 70-79 most notable. As for homocysteine, an inverse relationship with gait speed was observed overall and among participants aged 70-79, after adjustment of covariates. Less steep declines in gait speed with increasing homocysteine were seen for participants 50-59 and ≥80 years old.
Results from linear mixed effects regression, Table 2 , showed no association between vitamin B12 concentrations and gait speed decline over the follow-up time for any age group. However, elevated homocysteine concentrations were associated with decline in gait speed, Table 3 , after adjustment for clinically and statistically significant covariates. Among participants aged 70-79 years old, homocysteine and gait speed over time had an inverse relationship with a one-unit increase in homocysteine associated with a decrease of 0.013 m/s in gait speed. This relationship was borderline significant among the youngest (50-69 years old) and the oldest (≥80 years old) participants.
Discussion
In this population of healthy adults aged 50 years or older, elevated homocysteine but not vitamin B12, was associated with gait speed decline over an average follow-up of 5.4 years. The results of this study support previous research identifying elevated homocysteine levels as a risk factor for gait speed and physical function decline (7-9, 20, 30) . The lack of a relationship between vitamin B12 and gait speed has not been previously explored. Yet, these results are consisted with other null results investigating the associations between vitamin B12 and physical function (9, 17, 31) , balance (9, 12) , and gait performance (9) . Vitamin B12 deficiency has been shown to be a risk factor for frailty in older women (32) . Gait speed is often used in the measurement of frailty in addition to muscle strength, endurance, physical activity, and weight (33) . In light of the present results, the relationship between vitamin B12 and frailty is probably not mediated through gait speed.
The multiple mechanisms depicted in Figure 1 by which homocysteine could influences gait speed are most likely mediated by impaired muscle, vascular, and nerve function. In a previous analysis of this study population, elevated homocysteine was associated with decline in muscle strength in both older adult men and women over time (34) . Altered G-protein coupled receptor and increased TGF-b signaling from elevated homocysteine could result in reduced muscle regeneration. Elevated homocysteine also reduces blood flow to muscle cells through decreased bioavailability of nitric oxide (11) . Additionally, elevated homocysteine is a known risk factor for stroke, vascular diseases (35) , and white matter hyperintensities (WMH) (36) . WMH are correlated with poor lower extremity function (37) through disruption of frontal lobe circuits that control gait and balance and interference with motor fibers important for lower extremity motor control (20) . Recent analyses from the InCHIANTI study showed elevated homocysteine to be associated with worse sensory and motor peripheral nerve function (38) , which has also been associated with poor physical function in older adults (16, 39) .
Vitamin B12 and folate are necessary for the metabolism and removal of homocysteine, which implies a direct inverse relationship. Yet in the present study, elevated vitamin B12 was not protective against gait speed decline in the magnitude that elevated homocysteine was observed to be detrimental. This may be explained by differences in the relative levels of vitamin B12 and folate levels, which were largely within normal limits in contrast to homocysteine concentrations in which 13.3% were in the abnormally high range, >13 µmol/L. Previous randomized control trials of homocysteine lowering therapies, i.e. vitamin B12 and folate supplementation, have not consistently shown reductions in cognitive decline (40, 41) . physical function decline (42), nor reduced risk of cardiovascular disease (43, 44) . Alternatively, homocysteine might be a marker of disease severity rather than a causal agent of disease. Concerns of reverse causality or residual confounding in observational studies might be contributing to the results seen here and in other research. These findings call into question the comprehensiveness of the model presented in Figure 1 and suggest a need to identify a broader set of other factors that may influence homocysteine concentrations. Additional factors influencing the variation in homocysteine include genetic (MTHFR C677T), behavioral (smoking, coffee and alcohol consumption) (46) , and nutritional factors. Both vitamin B6 and fat intake could contribute to variation in homocysteine concentrations. Similar to vitamin B12, vitamin B6 has an inverse relationship with homocysteine as it serves as a cofactor of an enzyme that metabolizes of homocysteine into cysteine (47) . In a subgroup of participants aged 60 years or older in this analysis with a FFQ (n=549), B vitamin intake from food and supplements was negatively correlated with homocysteine concentrations (vitamin B6: r= -0.13, p=0.002; vitamin B12: r= -0.03, p=0.443; folate: r= -0.12, p=0.004). Observational studies of total fat intake and homocysteine concentration have noted positive associations between saturated fats and monounsaturated fat, (48) (49) (50) and an inverse association with very-long-chain n-3 fatty acids (VLC n-3 PUFA) (48) . When stratified by total intake of all B vitamins, the association between VLC n-3 PUFA and homocysteine remained only in the highest quartile of vitamin B intake (48) . This has important implications for the present study since the majority of participants had high vitamin B12 and folate levels. In the same subgroup of participants with FFQ data, VLC n-3 PUFAs were negatively and total fat, saturated fat, and monounsaturated fat positively correlated with homocysteine concentrations (data not shown). Thus, in populations with high levels of folate and vitamin B12, fat intake could explain variation in homocysteine concentration. The biological mechanisms of this relationship are not well understood and further research into the associations between fat intake, homocysteine, and physical function is needed to address this hypothesis.
The lack of association between vitamin B12 and age-related gait speed decline in the present analysis may stem from the lack of variation in vitamin B12 concentrations with very few participants having low vitamin B12 (<200 pg/ml; 1%) and none exhibiting vitamin B12 deficiency (serum vitamin B12 <270 pg/ml & total homocysteine >20 µmol/L). As a further complication, vitamin B12 deficiency due to malabsorption occurs over a long time. The time it takes for the body to deplete stores of vitamin B12 and deficiency symptoms to appear can be between 2 to 5 years (51). Thus, malabsorption must occur for many years before enough depletion has occurred to cause a detectable deficiency.
Many older adults are at risk for vitamin B12 deficiency as increasing age is associated with changes in absorption and metabolism of vitamin B12. Hydrochloric acid and gastric protease in the stomach releases vitamin B12 bound to protein in food. Supplements of vitamin B12 and fortified foods are in free form; thus separation is not necessary. Free vitamin B12 attaches to intrinsic factor and is then absorbed. Malabsorption can occur when intrinsic factor is unavailable to attach to vitamin B12 and can result in vitamin B12 deficiency. Adults aged 65 years or older are at particular risk of malabsorption due to a reduction in hydrochloric acid secretion as age increases (52) . Thus, the Institute of Medicine recommends older adults obtain vitamin B12 from supplements or fortified foods (53).
Clinical measurement of vitamin B12 may inaccurately describe vitamin B12 levels if supplements containing vitamin B12 were recently taken. Thus, supplement use prior to testing for deficiency can mask the presence of a deficiency. In the subgroup of participants with data from a FFQ (n=549), 81% reported supplement use in the past 12 months. While, there was a significant difference in mean vitamin B12 concentration between participants who did (645.3 pg/ml) and did not (526.3 pg/ml) take supplements (p<0.001), both groups had mean serum concentrations of vitamin B12 above dietary reference intakes (53). Thus the lack of participants with vitamin B12 deficiency is not likely a false negative due to recent supplement intake.
There are some limitations to take into account when interpreting these results. Excluded participants ≥80 years old had slower gait speed and higher homocysteine concentrations at baseline and excluded participants aged 70-79 had slower gait speeds than included participants. The excluded participants may have been less healthy than included participants and thus unable to fully complete a second observation. The observed significant relationship between elevated homocysteine and gait speed decline in participants aged 70-79 years old may be explained by exclusion of participants with slower gait speeds at baseline, which could strengthen the observed relationship. As well, the BLSA study population is a more robust and healthy group of older adults with low prevalence of obesity and smoking and thus may not be comparable to the general population (54, 55) .
Study strengths include the long follow-up time for measures of gait speed, homocysteine, and vitamin B12. Vitamin B12 was measured directly using standard protocols, which reduces potential bias associated with self-reported food and supplement intakes. Gait speed was also measured using standard protocols and is a robust tool for defining poor physical function in older adults. The use of linear mixed effects models allowed for repeated measures of vitamin B12, homocysteine, and gait speed to be analyzed and relationships over time to be taken into account.
In conclusion, this study found no association between serum vitamin B12 concentrations and gait speed decline in a population of well-functioning older adults over time. Yet, there was an inverse relationship between homocysteine and gait speed, which is consistent with previous research. Given these results, future research should be directed towards investigating the relationship between vitamin B12 in other populations with more variation in vitamin B12 as well as among older adults who have vitamin B12 deficiency. Investigation of other mechanisms that may contribute to elevated homocysteine levels aside from low vitamin B12 are also warranted.
